As part of the insulin signaling pathway, AKT influences growth and metabolism. The AKT1 gene G205T (rs1130214) polymorphism has potential functional effects. Thus, we determined whether the G205T polymorphism influences metabolic variables and their responses to aerobic exercise training. Following dietary stabilization, healthy, sedentary, 50-75 yr old Caucasian men (n = 51) and women (n = 58) underwent 6 months of aerobic exercise training. Before and after completing the intervention, dual-energy x-ray absorptiometry measured percent body fat, computed tomography measured visceral and subcutaneous fat, and oral glucose tolerance testing measured glucose total area under the curve (AUC), insulin AUC, and insulin sensitivity. Taqman assay determined AKT1 G205T genotypes. At baseline, men with the GG genotype (n = 29) had lower VO 2max values (p = 0.026), and higher percent body fat (p = 0.046), subcutaneous fat (p = 0.021), and insulin AUC (p = 0.003) values than T allele carriers (n = 22). Despite their rather disadvantageous starting values, men with the GG genotype seemed to respond to exercise training more robustly than men with the T allele, highlighted by significantly greater fold change improvements in insulin AUC (p = 0.012) and glucose AUC (p = 0.035). Although the GG group also significantly improved VO 2max with training, the change in VO 2max was not as great as that of the T allele carriers (p = 0.037). In contrast, after accounting for hormone replacement therapy use, none of the variables differed in the women at baseline. As a result of exercise training, women with the T allele (n = 20) had greater fold change improvements in fasting glucose (p = 0.011), glucose AUC (p = 0.017), and insulin sensitivity (p = 0.044) than GG genotype women (n = 38). Our results suggest that the AKT1 G205T polymorphism influences metabolic variables and their responses to aerobic exercise training in older previously sedentary individuals.
Introduction
As a critical component in the insulin and insulin-like growth factor signaling cascades, AKT affects growth, differentiation, and metabolism. AKT [also known as protein kinase B (PKB)] is a serine and threonine kinase with three distinct mammalian genes: AKT1, AKT2, and AKT3. Of them, AKT1 is the most widely expressed (ubiquitously), and studies involving targeted disruption of the AKT1 gene in mice have indicated its involvement in organismal growth, with AKT1 knockout mice being smaller (∼20 % lower body weight) than wildtype controls (Chen et al., 2001; Cho et al., 2001) . Furthermore, AKT1 has been implicated in muscle differentiation as knockdown of AKT1 in cell culture experiments inhibited MyoD activity and myoblast differentiation (Wilson & Rotwein, 2007) . A role for AKT1 in adipocyte differentiation has also emerged from studies involving AKT1 knockdown mice embryonic fibroblasts (Baudry et al., 2006) and the downregulation of AKT1 expression via RNA interference (Xu & Liao, 2004) and, in both of these instances, adipocyte differentiation was impaired. Thus, with its connections to growth and adipogenesis, AKT1 would appear to be a likely candidate gene related to obesity-related metabolic variables.
Little data exist to our knowledge regarding AKT1 polymorphisms and metabolic phenotypes. However, the AKT1 gene region has been well studied in connection with schizophrenia, and despite result inconsistencies (Ide et al., 2006; Liu et al., 2006; Ohtsuki et al., 2004; Sanders et al., 2008; Turunen et al., 2007) , several reports have implicated AKT1 haplotypes with disease risk (Bajestan et al., 2006; Emamian et al., 2004; Ikeda et al., 2004; Norton et al., 2007; Schwab et al., 2005; Thiselton et al., 2008; Xu et al., 2007) . The AKT1 G205T (rs1130214) polymorphism acts as a tagging polymorphism for the haplotype (Emamian et al., 2004; Schwab et al., 2005) , and because the G205T polymorphism may affect AKT1 expression by altering a putative transcription factor binding site (Thiselton et al., 2008) , we investigated the polymorphism in relation to metabolic phenotypes in our cohort of generally healthy, older individuals. The response of many health and fitness parameters to aerobic exercise training tends to be highly variable and at least partly dependent on genetic factors (Bray et al., 2009) . In fact, it has recently been reported that 23 % of the exercise training response variability in maximal oxygen consumption could be explained by 11 different DNA variants (Timmons et al., 2010) . In keeping with these ideas, our secondary purpose was to determine if aerobic exercise training-induced changes in our participants' metabolic phenotypes were AKT1 G205T genotype-specific.
Methods

Ethical approval
This study was approved by the University of Maryland, College Park Institutional Review Board. All participants provided written informed consent.
Participant Selection and Screening
This was a retrospective cohort study of participants in the Gene Exercise Research Study (GERS) at the University of Maryland, College Park. The methods and design of the GERS have been described in detail previously (McKenzie et al., 2004; Obisesan et al., 2006) . Data reported here are from 109 Caucasian participants (51 men, 58 women) who completed all baseline and final testing procedures as part of cohorts taking part in the GERS during the years 1998-2006. Previous reports from this group have included participants from earlier cohorts of the GERS (e.g. 1998 GERS (e.g. -2004 (McKenzie et al., 2004; Obisesan et al., 2006; Obisesan et al., 2004) . More recently, our group reported PLIN haplotype relationships involving this same subset of participants (Jenkins et al., 2010) .
Briefly, participants had to be ≥ 50 yrs of age but ≤ 75 yrs of age, sedentary (< 20 minutes of physical activity ≤ twice per week), non-diabetic (fasting glucose concentration < 126 mg/dL and 2-hour OGTT glucose concentration < 200 mg/dL), non-smoking, have no history or characteristics of cardiovascular, lung, liver, or kidney disease, have a BMI ≤ 37 kg/m 2 , have a hematocrit > 35, and have no orthopedic conditions that would preclude exercise. In addition, participants had to have 1) resting blood pressure measurements > 120/80 mmHg but < 160/100 mmHg or 2) at least one National Cholesterol Education Program (NCEP) lipid abnormality and be normotensive or blood pressure controlled with non-lipid and non-glucose altering medication. Finally, women participating in the study had to be postmenopausal for at least 2 years and willing to maintain their hormone therapy status, either receiving or not receiving hormone replacement therapy (HRT), throughout the duration of the study.
Dietary Stabilization
After screening into the study, participants attended dietary stabilization classes twice a week for 6 weeks. A registered dietician provided instructional sessions on the principles of the American Heart Association Step 1 diet, similar to the American Heart Association Dietary Guidelines for the General Population, which emphasized the consumption of 55-60 % of dietary calories from carbohydrates, < 30 % of dietary calories from fat, and alcohol in moderation (American Heart Association, 1988) . Participants maintained the diet throughout the study's duration, with periodic dietary recalls and food frequency checks to ensure adherence. Body weight was stabilized before baseline testing occurred and was maintained ± 5 % throughout the study.
Baseline Testing
Following the completion of the dietary classes, participants underwent baseline testing. Total percent body fat and fat free mass were measured via dual-energy x-ray absorptiometry (DPX-L or DPX-IQ, Lunar Corporation, Madison, WI), whereas visceral and subcutaneous adipose tissue depots were measured using single slice computed tomography (GE Hi-Light CT scanner). Standard procedures were used as previously described (Nicklas et al., 1996) .
After a 12-hour overnight fast, a 2-hour OGTT began between the hours of 6:30 and 9:00 AM. A 20-or 22-gauge indwelling catheter was placed into a vein in the antecubital region, and blood sampling occurred before and every 30 minutes after the ingestion of a 75 gram D-glucose solution, for 2 hours. Blood samples were centrifuged, and plasma was separated and stored at -80 degrees Celsius until assayed for glucose and insulin levels. The glucose oxidase method was used to determine plasma glucose concentration via a glucose analyzer (YSI 2300 Stat Plus, YSI, Inc., Yellow Springs, OH), and a competitive radioimmunoassay (kit HI-14K, Linco Research, St. Charles, MO) was used to determine plasma insulin concentration. Glucose total area under the curve (AUC) was calculated via the trapezoidal method and an insulin sensitivity index (ISI) was calculated using the method of Matsuda and DeFronzo (Matsuda & DeFronzo, 1999) .
Maximal oxygen consumption (VO 2max ) and heart rate were measured during a maximal graded treadmill exercise test, as previously described (Dengel et al., 1994) . A physician presided over the test, and electrocardiogram and blood pressure measurements were recorded throughout. Standard criteria were used to ensure that VO 2max was achieved (American College of Sports Medicine, 2010), and heart rates measured from the electrocardiogram recording were used in the exercise prescription.
Aerobic Exercise Training Intervention
Following the completion of baseline testing, participants began 24 weeks of supervised aerobic exercise training. An exercise training heart rate range was determined for each participant corresponding to the percent intensity ± 5 % using the Karvonen (heart rate reserve) formula. During the exercise training sessions, Polar heart rate monitors were used to assess heart rate. Training equipment available to the participants included stair climbers, stationary bicycles, recumbent bicycles, rowing ergometers, treadmills, elliptical machines, and cross country ski machines. To gradually acclimatize the sedentary participants to exercise, the first week of training involved 20 minutes of activity at 50 % intensity for 3 days per week. Exercise duration then progressed by 5 minutes weekly, until 40 minutes was achieved. Then, exercise intensity increased gradually, 5 % per week, until 70 % was attained. Thus, from week 9 through week 24, participants exercised for 40 minutes at an intensity of 70 %. Exercise heart rates were monitored throughout each training session by the exercise training staff to ensure training at the required intensity level, and average exercise heart rate for each participant for each exercise session was recorded in an exercise log. Finally, in weeks 10-24, participants added an additional day of exercise to their routine (an unsupervised home workout session). Exercise percent attendance rates were calculated as the number of sessions completed as prescribed (i.e. at the required exercise intensity and duration) divided by the total number of possible sessions.
Final Testing
Final testing occurred following the completion of 24 weeks of aerobic exercise training. Final testing procedures were similar to baseline testing procedures except that all final testing took place 24-36 hours after an exercise training bout. This time frame ensured measurement of training rather than acute exercise effects.
Genotyping
A 10 mL blood sample was collected during the screening process and DNA extracted and stored for genotyping. The AKT1 G205T polymorphism (rs1130214) was genotyped using a predesigned TaqMan allelic discrimination assay (C_26352825_10). All reactions were carried out using an Applied Biosystems 7300 Real Time PCR System and optical reaction plates. Fluorescence (via allele specific VIC and FAM dyes -probe sequence [vic/fam] GAGTCCAGAGCCCTCCAGCGCAAGC[A/ C]CAAAAACCTCCTGGGAGAAACCCCA) was measured and genotypes were determined using the Applied Biosystems 7300 System Sequence Detection Software. Each plate contained four no template controls and four sequencing control samples of known genotype.
Statistical Analyses
All statistical analyses were performed using SPSS (version 17.0) software. Before any statistical analyses were conducted, the assumptions for each procedure were examined, and as a result, transformation using the common logarithm was required for intra-abdominal fat, insulin AUC, and ISI. Chi-square tests were used to assess Hardy-Weinberg equilibrium and to compare differences in categorical variables between groups. Analysis of covariance (ANCOVA) was used to compare differences in obesity-related variables between AKT1 G205T genotype groups at baseline and in response to aerobic exercise training. The fold change with training was calculated as the ratio of the final value and the baseline value. The fold decrease was reported for fold changes below one, and was calculated by dividing one by the fold change. When appropriate, covariates for the baseline analyses included age and BMI, and covariates for the after aerobic exercise training analyses included age, BMI, and the baseline value of the outcome variable. Due to a significant difference in the frequency of hormone replacement therapy (HRT) users by genotype group in the women participating in the study, HRT use was also accounted for in the baseline and after training analyses. Data from men and women were analyzed separately due to the potential for sex-specific effects (Ordovas, 2007) . Due to the small number of non-Caucasian participants, the possibility of allele frequency differences by race, and the added strength resulting from a homogeneous population (Rodriguez-Murillo & Greenberg, 2008) , only data from Caucasians were included in the analyses. Paired samples t-tests were used to determine significant changes within groups with aerobic exercise training. Statistical significance was set at p ≤ 0.05.
Results
AKT1 G205T allele and genotype frequencies (Table 1) for the 109 participants differed slightly from Hardy-Weinberg expectancies in the total group (χ 2 = 5.63, p = 0.018) and in the women participating in the study (χ 2 = 5.43, p = 0.020), but were in Hardy-Weinberg equilibrium for the men participating in the study (χ 2 = 1.05, p = 0.305). Repeat genotyping to verify these results revealed consistent genotype results indicating a possible sampling bias but robust laboratory techniques. Due to the low frequency of individuals with the TT genotype and non-statistically different GT and TT group means for the major outcome variables (data not shown), the GT and TT genotype groups were combined for analyses.
Men
As shown in Table 2 , men participating in the study had normal fasting glucose measurements, but were overweight with below average VO 2max values (19). Although weight, fat free mass, and BMI were not different between the GG and GT+TT genotype groups, significant differences were detected for percent body fat and subcutaneous body fat measurements, with the GG genotype group having higher values. Consistent with the body composition differences, the GG genotype group also had higher insulin AUC values than the GT+TT group. Furthermore, covarying for percent body fat or subcutaneous body fat in place of BMI did not significantly alter the insulin AUC results (p = 0.007 and p = 0.024, respectively). Lastly, VO 2max values were higher in the GT+TT group than in the GG group. Percent attendance at the exercise sessions did not differ between the groups, with the GG group averaging 90.3 ± 1.3 % and the GT+TT group averaging 91.5 ± 1.5 %. As displayed in Figures 1 and 2 , after 24 weeks of aerobic exercise training in the men, the GG group increased VO 2max by ∼13 %, decreased subcutaneous fat by ∼8 %, and improved insulin sensitivity via decreases in insulin AUC and glucose AUC and an increase in the ISI. In addition, slight but statistically significant changes in weight, intra-abdominal fat, BMI, and percent body fat occurred in the GG men. Similarly, the GT+TT men had slight but statistically significant decreases in weight, percent body fat, and BMI. They also experienced a significant decrease in fasting insulin with aerobic exercise training, a slight increase in fat free mass, and a 19 % increase in VO 2max .
Overall, the GG group responded more favorably to aerobic exercise training than the GT +TT group. When expressed as a fold change, the GG group improved insulin AUC and glucose AUC more than the GT+TT group (fold decreases of 1.4 ± 0.06 versus 1.0 ± 0.06, p = 0.012 and 1.1 ± 0.04 versus 1.0 ± 0.04, p = 0.035, respectively). Furthermore, although both genotype groups significantly improved VO 2max with training, the fold change in VO 2max was slightly greater in the GT+TT group than in the GG group (fold increases of 1.2 ± 0.02 versus 1.1 ± 0.02, p = 0.037).
Women
Since HRT users had a lower baseline weight (p = 0.028) and intra-abdominal fat content (p = 0.047) than HRT non-users, and the frequency of HRT users and HRT non-users differed between the genotype groups (χ 2 = 4.08, p = 0.043), HRT use was accounted for in the analyses. After adjusting for HRT use among women participating in the study, none of the baseline glucose or obesity-related variables differed by genotype group (Table 3) . As with the men, exercise adherence did not differ in the women, averaging 90.1 ± 1.2 % and 92.5 ± 1.7 % in the GG and GT+TT groups, respectively. Aerobic exercise training-induced changes in the major outcome variables are shown in Figures 1 and 2 . Following the completion of aerobic exercise training, the GT+TT genotype group had more favorable changes than the GG genotype group in fasting glucose (fold increases of 1.0 ± 0.03 versus 1.1 ± 0.02, p = 0.011), glucose AUC (fold decrease of 1.1 ± 0.04 versus fold increase of 1.1 ± 0.03, p = 0.017), and ISI values (fold increases of 1.2 ± 0.08 versus 1.0 ± 0.06, p = 0.044), respectively. These differences resulted from the significant increase in ISI that occurred in the GT+TT group and significant, but disadvantageous, increases in glucose AUC and fasting glucose that were experienced by the GG group with training. Other changes that occurred with aerobic exercise training in the GG women included a 15 % increase in VO 2max , a slight increase in fat free mass, and slight decreases in percent body fat, intraabdominal fat, and insulin AUC. The GT+TT group also increased VO 2max (∼12 %) and fat free mass, and slightly decreased weight, percent body fat, BMI, and insulin AUC with aerobic exercise training.
Discussion
AKT1 has been implicated as a positive regulator of growth (Chen et al., 2001; Cho et al., 2001) and skeletal muscle differentiation (Wilson & Rotwein, 2007) . Mouse models have also indicated the importance of AKT1 in adipocyte differentiation (Baudry et al., 2006; Xu & Liao, 2004) , and although several polymorphisms in AKT1 were not associated with type 2 diabetes in an Ashkenazi Jewish population (Matsubara et al., 2001) , no one to our knowledge thus far has published data on the AKT1 G205T polymorphism (rs1130214) in relation to metabolic variables or their responses to aerobic exercise training. Furthermore, the G205T polymorphism may have a functional effect (Thiselton et al., 2008) . Recently, Harmon and colleagues (2010) reported that the T allele was part of an AKT1 haplotype that resulted in enhanced transcription in muscle and decreased transcription in fat. In keeping with these findings, we found that several obesity-related metabolic variables differed prior to exercise training by the AKT1 G205T genotype in generally healthy, older men. Furthermore, men with the T allele (GT or TT genotype) were found to have lower subcutaneous fat, percent body fat, and insulin AUC values as compared to men with the GG genotype. In addition, VO 2max , expressed relative to body weight, was found to be higher in the T allele carriers. Thus, it seems that the T allele may be beneficial in sedentary men.
As insulin resistance and obesity are often related, it is possible that the genotype differences detected for insulin AUC reflect the significant body fat differences in the groups. However, when either percent body fat or subcutaneous body fat was used as a covariate in place of BMI, the insulin AUC results did not change substantially. Thus, the AKT1 G205T genotype differences detected for insulin AUC in the men appear to be independent of the genotype-related differences in body composition.
Although the GG genotype was associated with less favorable outcomes at baseline in men, it was advantageous in terms of responsiveness to aerobic exercise training as significantly greater improvements in insulin AUC and glucose AUC occurred in the GG genotype group as compared to the GT+TT genotype group. Furthermore, an examination of the 10 % most robust responders versus non-responders for each of the major outcome variables found similar patterns as 80 % of the top 10 % most responsive to aerobic exercise training in terms of change in subcutaneous body fat, change in percent body fat, change in fasting glucose, and change in insulin AUC were individuals with the GG genotype. Of the 10 % least responsive to aerobic exercise training, GT+TT individuals were found to comprise 100 % of the non-responders in glucose AUC change and 80 % of the non-responders in insulin AUC change. Interestingly, 100 % of the 10 % least responsive to VO 2max change with training were individuals with the GG genotype. This may help to explain the slightly better change in VO 2max with training in the GT+TT genotype group.
Interestingly, the genotype-dependent differences found in the men were not replicated in the women. Although more evidence is needed, research suggests that sex may modulate interactions between genetic factors, the environment, and health outcomes (Ordovas, 2007) . Although speculative, sex-specific physiological differences in hormone levels or body composition may influence AKT1 genotype associations with obesity-related metabolic variables. This is an interesting avenue for further research since AKT1 variants appear to have tissue-specific effects (Harmon et al., 2010) . On the other hand, in the current study, these sex differences may be due in part to a statistical power issue resulting from the inclusion of HRT usage in the analyses involving women. Among the women, we did however find genotype-related differences in the aerobic exercise training-induced changes in fasting glucose, ISI, and glucose AUC. In all three instances, the T allele carriers had more advantageous values after the aerobic exercise training intervention than the GG genotype group. A comparison of the 10 % most robust responders to non-responders for these variables found that 80 % of the most responsive to aerobic exercise training in terms of change in fasting glucose and 100 % of the most responsive to aerobic exercise training in terms of change in glucose AUC and change in ISI were women with the GT+TT genotype. Of the 10 % least responsive to aerobic exercise training, women with the GG genotype were found to comprise 100 % of the non-responders in fasting glucose change and 80 % of the non-responders in glucose AUC change.
Given the recent attention to personalized medicine, genetic screening for exercise prescription would enable the identification and subsequent targeting of individuals with a potentially adverse response to exercise (with regard to a given phenotype) for more individualized and/or more closely monitored programs (Roth, 2008 ). In our current study, the rather adverse glucose response to exercise seen in the female GG genotype group lends support to these ideas and reinforces the need for replication in additional gene-exercise training studies.
Besides the retrospective nature of our study, a limitation is that the genotype frequencies for the total study group and the female participants were not in Hardy-Weinberg equilibrium. Consequently, the results must be viewed with caution as they may reflect some unknown sampling bias in the selection of our study population. Another limitation involves the high selectivity of our participants. As cardiovascular disease is the leading cause of death in the United States and the effects of regular exercise training on cardiovascular risk have been well-characterized, we chose to study 50-75 year old individuals with at least 1 risk factor for cardiovascular disease. Furthermore, due to a relatively small sample size of non-Caucasian participants and the need for a homogeneous population (Rodriguez-Murillo & Greenberg, 2008) only data from Caucasians were included in the analyses. Thus, our results may not be applicable to individuals with different health and demographic characteristics. In addition, due to sample size constraints, we combined the GT and TT genotype groups for analysis. Thus, replication and/or larger sample sizes are needed to verify our results.
As the prevalence of modifiable metabolic diseases such as type 2 diabetes and obesity continue at epidemic proportions, increased importance is given to interventions which can help to delay, prevent, or lessen the disease burden. One such intervention is aerobic exercise training; however, not everyone responds similarly to exercise and physical activity. In fact, our results suggest that the AKT1 G205T polymorphism influences obesityrelated variables and their aerobic exercise training-induced changes, with differences in the response of men and women. Although the results should be viewed with caution, they provide support for the influence of genetic variation on aerobic exercise training-induced health outcomes and provide a framework for future studies. Data are expressed as unadjusted means ± SE. BMI, body mass index; IA; intra-abdominal; SC, subcutaneous. * indicates significant difference within genotype group with training p ≤ 0.05. 
